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Background: Masitinib is a highly selective tyrosine kinase inhibitor with activity against the main oncogenic drivers of 
gastrointestinal stromal tumor (GIST). Masitinib was evaluated in patients with advanced GIST after imatinib failure or 
intolerance. 

Patients and methods: Prospective, multicenter, randomized, open-label trial. Patients with inoperable, advanced 
imatinib-resistant GIST were randomized (1 : 1) to receive masitinib (12 mg/kg/day) or sunitinib (50 mg/day 4-weeks-on/ 
2-weeks-off) until progression, intolerance, or refusal. Primary efficacy analysis was noncomparative, testing whether 
masitinib attained a median progression-free survival (PFS) (blind centrally reviewed RECIST) threshold of >3 months 
according to the lower bound of the 90% unilateral confidence interval (CI). Secondary analyses on overall survival (OS) 
and PFS were comparative with results presented according to a two-sided 95% CI. 

Results: Forty-four patients were randomized to receive masitinib (n = 23) or sunitinib (n = 21). Median follow-up was 14 
months. Patients receiving masitinib experienced less toxicity than those receiving sunitinib, with significantly lower occur- 
rence of severe adverse events (52% versus 91 %, respectively, P = 0.008). Median PFS (central RECIST) for the noncom- 
parative primary analysis in the masitinib treatment arm was 3.71 months (90% CI 3.65). Secondary analyses showed 
that median OS was significantly longer for patients receiving masitinib followed by post-progression addition of sunitinib 
when compared against patients treated directly with sunitinib in second-line [hazard ratio (HR) = 0.27, 95% CI 0.09- 
0.85, P = 0.016]. This improvement was sustainable as evidenced by 26-month follow-up OS data (HR = 0.40, 95% CI 
0.16-0.96, P = 0.033); an additional 12.4 months survival advantage being reported for the masitinib treatment arm. Risk 
of progression while under treatment with masitinib was in the same range as for sunitinib (HR = 1.1, 95% CI 0.6-2.2, 
P = 0.833). 

Conclusions: Primary efficacy analysis ensured the masitinib treatment arm could satisfy a prespecified PFS threshold. 
Secondary efficacy analysis showed that masitinib followed by the standard of care generated a statistically significant sur- 
vival benefit over standard of care. Encouraging median OS and safety data from this well-controlled and appropriately 
designed randomized trial indicate a positive benefit-risk ratio. Further development of masitinib in imatinib-resistant/in- 
tolerant patients with advanced GIST is warranted. 

Keywords: GIST, imatinib-resistant GIST, phase II study, tyrosine kinase inhibitor 



'Correspondence to: Dr Axel Le Cesne, Department of Medicine, Institut Gustave 
Roussy, 39 rue Camille Desmoulins, 94805 Villejuif, France. Tel: +33-1-42-11-43-16; 
E-mail: axel.lecesne@gustaveroussy.fr 

© The Author 201 4. Published by Oxford University Press on behalf of the European Society for Medical Oncology. 

This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org4icenses/by-nc/4.0/), 
which permits non-commercial re-use, distribution, and reproduction in any medium, provided the original work is properly cited. For commercial re-use, please contact 
journals.permissions@oup.com 



Annals of Oncology 



introduction 

The first-line treatment of patients with KIT-positive, unresect- 
able, recurrent, and/or metastatic gastrointestinal stromal tumor 
(GIST) is the oral tyrosine kinase inhibitor (TKI) imatinib; 
however, half of the patients will have experienced disease pro- 
gression after ~20 months [1]. Imatinib-resistant GIST patients 
show clear signs or symptoms of disease progression at the re- 
commended starting dose of 400 mg/day [2]. Upon disease pro- 
gression, physicians may choose to either escalate imatinib up to 
800 mg/day or commence second-line treatment. The standard 
second-line treatment is sunitinib, although its benefit over 
placebo for overall survival (OS) is relatively short and there are 
numerous potentially serious side-effects [3-6]. Considering 
this unsatisfactory situation, we evaluated masitinib's potential 
to improve patient outcome with good tolerability in GIST 
patients after failure under imatinib. 

Masitinib is a highly selective oral TKI with comparable activ- 
ity to imatinib against wild- type and mutant KIT (exons 9 and 11) 
[7-9] . Given that the main kinase targets of masitinib are shared 
with imatinib and sunitinib, its higher kinase selectivity may 
translate into fewer off-target toxicities. Masitinib's activity in 
imatinib-nai've GIST has previously been reported as sustainable 
and well tolerated [10]. There is also evidence of masitinib activ- 
ity in imatinib-resistant GIST as reported by a phase I study in 
solid tumors, which established an optimal dosage of 12 mg/kg/ 
day in this population [11]. Post hoc analyses from that study 
also revealed masitinib (6.8-13 mg/kg/day) to generate an im- 
portant effect on OS in imatinib-resistant GIST patients despite 
having only modest impact on progression-free survival (PFS) 
(see supplementary Section E, available at Annals of Oncology 
online). 

methods 

study design and procedures 

This was a prospective, multicenter, randomized, open-label, two-parallel 
group, phase II study evaluating the safety and efficacy of masitinib (12 mg/ 
kg/day administered orally in two daily intakes) for the treatment of 
advanced GIST in patients who showed disease progression while treated 
with imatinib (400-800 mg/day). In the event of severe toxicity related to 
masitinib, treatment interruption or dose reduction was permitted according 
to predefined criteria. Sunitinib (50 mg/day administered orally in a 
4-weeks-on/2-weeks-off regimen) was used as an active control with toxicity 
related to sunitinib managed according to usual practice. Treatments were 
administered until progression, intolerance, or refusal, with disease progres- 
sion assessed via CT scan at weeks 0, 4, 8, 16, 24, 36, and every 12 weeks 
thereafter. 

Upon study termination, patients were allowed to switch from masitinib 
to sunitinib (50 mg/day in a 4-weeks-on/2-weeks-off regimen). In contrast, 
no cross-over from sunitinib to masitinib was allowed. This trial design, 
which is consistent with current guidelines on the conduct of randomized 
clinical trials in the setting of effective subsequent therapies, essentially tests 
whether administering the experimental treatment before the standard treat- 
ment is better than directly administering the standard treatment, while also 
complying with the ethical and pragmatic obligations that all patients should 
receive the standard of care following study withdrawal [12]. The inves- 
tigation was carried out in accordance with the Declaration of Helsinki 
and approved by the national health authorities and a local central ethics 
committee. 



patients and randomization 

Patients showing disease progression while treated under imatinib >400 mg/ 
day were eligible for inclusion. Other eligibility criteria included: aged 18 
years or older; histological confirmation of metastatic or locally advanced 
nonoperable GIST; immunohistochemical detection of KIT (CD 117) expres- 
sion; Eastern Cooperative Oncology Group (ECOG) performance status <2; 
no prior TKI therapy other than imatinib, with the last imatinib administra- 
tion being at least 4 days before randomization; and normal renal, cardiac, 
and hepatic functions. At baseline, patients were centrally randomized 
to treatments groups (1 : 1) using an Interactive Web Response System, 
with treatment allocated according to a modified minimization method. 
Stratification was done according to KIT mutation status; i.e. patients having 
a KIT exon 1 1 mutation versus patients with a KIT exon 9 mutation versus 
patients with any other mutation (or no available KIT result). 

statistical analysis 

With 19 patients per treatment arm, there was an 80% power of estimating 
median PFS to a precision of 2 months with alpha set to 10% one-sided. The 
study's primary analysis was noncomparative, testing whether masitinib 
could achieve a prospectively declared PFS threshold in line with that of 
sunitinib (albeit without demonstrating noninferiority in order to minimize 
patient recruitment in the context of an orphan disease). A statistical amend- 
ment was made to the prespecified threshold following commencement of 
the study but before database lock or efficacy analysis. This correction was 
unavoidable because the currently reported study population had a lower 
proportion of patients harboring the KIT exon 9 mutation with respect to 
the sunitinib historical study data used to generate statistical hypothesis; the 
latter of which was poorly matched to the general GIST population (see sup- 
plementary Section D, available at Annals of Oncology online). The primary 
analysis therefore tested whether the lower bound of the 90% unilateral 
confidence interval (CI) for median PFS (central RECIST) in the masitinib 
treatment arm was >3 months. PFS (central RECIST) was defined as the 
time from the date of randomization to the date of documented progression, 
calculated with RECIST from central blind reading (Dr Taieb, Centre Oscar 
Lambret, Lille, France), or any cause of death during the study. PFS for the 
primary analysis was evaluated using the Kaplan-Meier method with asso- 
ciated medians and 90% one-sided CI. 

Secondary analyses on OS and PFS (central RECIST) were comparative, 
based on an alpha of 5% (two-sided), with results presented according to a 
two-sided 95% CI. A Cox proportional hazards regression model was devel- 
oped to evaluate hazard ratios (HR). Both univariate and multivariate ana- 
lyses of treatment effect on OS were carried out, with all data reported 
hereafter relating to the univariate model stratified on KIT status unless 
otherwise stated. Safety was assessed throughout the study by physical exam- 
ination, vital signs, clinical laboratory evaluation, and monitoring of adverse 
events (AE) (NCICTCv4.2). Quality of life (QoL) was assessed using the 
EORTC QLQ-C30 questionnaire with an improvement or worsening in QoL 
defined, respectively, as a change at any time-point of ±10 points from base- 
line. Longitudinally QoL assessment was carried out based upon time until 
definite deterioration analysis. 

results 

Between February 2009 and September 2011, 44 patients en- 
rolled from nine study centers across France were randomly 
assigned to receive masitinib (23 patients) or sunitinib (21 
patients). Patient baseline characteristics were well balanced 
between treatment arms, including duration of prior imatinib 
exposure, maximal imatinib dose received, KIT mutational 
status, and QoL (Table 1). There was no bias in baseline 
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Table 1 . Baseline patient characteristics (ITT population) 



Characteristic Masitinib Sunitinib P- 



(n = 23) (n = 21) value 3 



Baseline characteristics 






Gender (female) 


12 (52%) 


10 (48%) 1.000 


Age (years) 


62 (31-82) 


67 (41-85) 0.424 


ECOG PS: [0] 


14 (61%) 


12 (57%) 1.000 


QLQ-C30 Global; 


65 (21) 


60 (20) 0.486 


mean (SD) 






Disease characteristics 






Years since diagnosis 


4.9 (1.2-11.7) 


4.9 (0.2-12.6) 0.605 


Primary tumor 






localization 






Small bowel 


11 (48%) 


11 (52%) 0.582 


Gastroesophageal 


8 (35%) 


6 (27%) 


Other 


4 (17%) 


4 (19%) 


Tumor classification 






confirmed 






Locally advanced 


2 (9%) 


3 (14%) 0.658 


Metastatic 


21 (91%) 


18 (86%) 


Metastases tumor 






localization 






Liver 


18 (78%) 


13 (62%) 0.481 


Peritoneum 


6 (26%) 


8 (38%) 


Lung 


2 (9%) 


1 (5%) 


Pelvis (nonbone) 


0 (0%) 


2 (10%) 


Other b 


11 (48%) 


9 (43%) 


KIT exon mutation 






Not done 


4 (17%) 


4(17%) 1.000 


Exon 1 1 


15 (79%) 


14 (82%) 


Exon 9 


3 (16%) 


2 (12%) 


Exon 13 


0 


1 (6%) 


None (wild-type) 


1 (5%) 


0 


Ratio exon 11:9 


5:1 


7:1 


Maximal prior imatinib 






dose 






400 mg 


16 (70%) 


17 (81%) 0.494 


800 mg 


7 (30%) 


4 (19%) 


Cumulative prior 


33 (9-103) 


28 (5-114) 0.707 


exposure (months); 






median (range) 






Unless stated otherwise, data are mean (rang 


e) or number (%). 


■"Fisher's exact test was used for comparison of qualitative variables, 


Wilcoxon test used for comparison of quantitative variables. 


b Other = single occurrence per location. Location of 'other' meta- 


stases tumor for masitinib treatment arm: 


mediastinum, stomach, 


kidney, pancreas, bone, lymph nodes, pelvis abdominal, mesenteric 


mass, right iliac lesion, pelvic, right iliac, left hypochondrium, and 


mesentery. Location of 


'other' metastases tumor for sunitinib 


treatment arm: colon/lar 


>e intestine, pleura, soft tissue, rectum, 


mediastinum, stomach, in 


terportal cava, surrenal mass, diaphragm, 


posterior thoracic, thoracic, retroperitoneal mass. 


ECOG PS, Eastern Cooperative Oncology Group Performance 


Status; SD, standard deviation; QLQ-C30 Global, European Organ- 


ization for Research and Treatment of Cancer (EORTC) quality of 


life questionnaire core 30 item global health status. 
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characteristics between treatment arms as evidenced by the 
reported nonsignificant difference. At the main cutoff date 
(31 January 2012; median follow-up of 14 months), 38 of 
44 patients (86%) had withdrawn from the study (lack of 
efficacy being the main reason for termination in both treatment 
arms) and 6 of 44 patients (14%) were still ongoing, three from 
each treatment arm (Figure 1). Median exposure was 4.7 
months for the masitinib treatment arm and 3.8 months (or 2.8 
cycles) for the sunitinib arm. Patient compliance according to 
mean dose intensity was 90 ± 15% and 88 ± 14%, respectively. 
All results reported hereafter relate to final and validated data at 
a cutoff date of 31 January 2012, with exception of an additional 
follow-up analysis on OS that has a cutoff of 31 December 2012. 

A summary of safety is presented in Table 2. The masitinib 
treatment arm reported significantly fewer severe AEs compared 
with the sunitinib arm (52% versus 91%, respectively); fewer non- 
hematological grade 3 and any grade 4-related AEs (48% versus 
76%); fewer nonfatal serious AEs (13% versus 33%); and fewer 
AEs leading to dose reduction (22% versus 38%). AEs reported at 
a significantly higher frequency in the sunitinib treatment arm 
were dysgeusia, hypertension, thrombocytopenia, mucosal 
inflammation, palmar-plantar erythrodysesthesia syndrome, and 
abdominal pain. Conversely, only nausea/vomiting was reported 
at a significantly higher frequency in the masitinib treatment arm. 

At baseline, patient QoL according to QLQ-C30 was globally 
good and similar between treatment arms. For those patients 
with QoL response data available, an improved or stable QoL 
was reported more frequently in patients from the masitinib 
treatment arm; specifically, 10 of 15 patients (67%) versus 5 of 
13 patients (39%) from the masitinib and sunitinib treatment 
arms, respectively. Kaplan-Meier analysis showed that median 
time to definite deterioration was 6.2 months (95% CI 3.8-NR) 
in patients from the masitinib treatment arm and 3.8 months 
(95% CI 2.1-9.3) in patients from the sunitinib treatment arm. 
Hence, masitinib tended to less severely affect the QoL of 
patients than sunitinib. 

The primary efficacy analysis met its stated statistical object- 
ive: the lower bound of the 90% unilateral CI for median PFS 
(central RECIST) was greater than the threshold of 3 months. 
Specifically, median PFS (central RECIST) for the primary non- 
comparative analysis in the masitinib treatment arm was 3.71 
months (90% CI 3.65). This successful result was repeated for 
sensitivity analyses, including local RECIST PFS, investigator- 
based PFS, time-to-treatment failure, time-to-treatment switch, 
and different censoring methods (see supplementary Section A, 
available at Annals of Oncology online). According to study 
design, comparative secondary efficacy analyses on OS and PFS 
(central RECIST) were to be carried out upon success of the 
noncomparative primary analysis. 

In the overall population, OS was significantly increased in the 
masitinib treatment arm with a median OS 'not reached' but esti- 
mated to be >21.2 months (95% CI 21.2-NR) compared against 
15.2 months (95% CI 9.4-21.7) in the sunitinib arm (P = 0.016). 
This corresponded to a HR of 0.27 (95% CI 0.09-0.85). Potential 
bias in baseline characteristics was explored via multivariate ana- 
lysis, the resultant multivariate Cox model confirming the 
observed treatment effect with a HR of 0.27 (95% CI 0.09-0.78). 
A follow-up analysis on OS (cutoff 31 December 2012) was 
carried out to test whether the observed treatment effect on OS 
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Screened patients (A/=45) 



Randomized ITT population (A/=44) 



Safety population (A/=44) 



Allocated to masitinib-arm (n = 23) 


Received allocated intervention (n = 23) 


Lost to follow-up {n = 0) 




Discontinued treatment (n 


= 20) 




Lack of efficacy (n = 1 7) 




Adverse event (n = 1 ) 




Other (n=2) 


Still under study treatment (n =3) 



V 



Analyzed (n=23) 
Excluded (n=0) 



Figure 1. Trial profile (cutoff date: 31 January 2012). 



1 patient excluded 
(did not meet eligibility criterion) 



Allocated to sunitinib-arm (n=21) 


Received allocated intervention (n =21) 


Lost to follow-up (n = 0) 




Discontinued treatment (n 


= 18) 




Lack of efficacy (n = 1 3) 




Adverse event (n = 2) 




Patient request (n = 1 ) 




Death (n=2) 


Still under study treatment (n = 3) 



Analyzed (n=21) 
Excluded (n=0) 



was sustained. At a median follow-up of 26 months, 40 of 44 
patients (91%) had withdrawn from the study and 4 of 44 
patients (9%) were still ongoing (one in the masitinib treatment 
arm and three in the sunitinib arm). Median OS in the overall 
population was 29.8 months (95% CI 17.8-NR) for the masiti- 
nib treatment arm compared with 17.4 months (95% CI 9.4- 
28.6) for the sunitinib arm (J 5 = 0.033). This corresponds to a 
HR of 0.40 (95% CI 0.16-0.96) (Figure 2A). Median PFS 
(central RECIST) for the secondary comparative analysis, i.e. 
according to a two-sided 95% CI, was in the same range for the 
masitinib and sunitinib treatment arms, respectively, 3.7 
months (95% CI 1.9-6.0) versus 1.9 months (95% CI 1.8-4.4) 
(Figure 2B). The corresponding HR was 1.1 (95% CI 0.6-2.2, 
P = 0.833). 

The number of poststudy treatments received was similar 
between treatment arms, as were the types of therapy adminis- 
tered with an obvious exception for sunitinib due to the one- 
way cross-over design (see supplementary section B, available 
at Annals of Oncology online). Of those patients terminating 
study treatment, 19 of 20 (95%) from the masitinib treatment 
arm received at least one poststudy treatment as opposed to 13 
of 18 (72%) from the sunitinib arm, with death or poor health 
condition precluding any option for poststudy treatment in the 



remaining patients. Analysis of death in patients who did not 
receive a poststudy treatment showed that in the sunitinib treat- 
ment arm: two patients died while under study treatment, one 
for unknown reason and one unrelated to treatment; one patient 
died 10 days after study termination due to disease progression; 
and two patients died 1 .6 months after study termination due to 
pulmonary embolism for one, and progressive disease for the 
other (see supplementary Section C, available at Annals of 
Oncology online). In comparison, one patient died from disease 
progression 4.7 months after study termination in the masitinib 
treatment arm. 

discussion 

This study met its primary analysis end point, namely, that the 
lower bound of the 90% unilateral CI for median PFS (central 
RECIST) was above a threshold of 3 months for the masitinib 
treatment arm. As a secondary analysis, masitinib followed by 
the standard of care showed a statistically significant survival 
benefit [HR = 0.27 (0.09-0.85)], despite the risk of progression 
while under treatment with masitinib being in the same range 
as for sunitinib [HR=1.1 (0.6-2.2)]. Additionally, the safety 
profile of masitinib was better than that of sunitinib, as 
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Table 2. Safety (ITT population) according to the number of patients 
with at least one reported adverse reaction; cutoff date: 31 January 2012. 



Number of patients (%) Masitinib Sunitinib P-value 3 

(n = 23) (n = 21) 



■"Fisher's exact test. 

b Adverse events commonly associated with tyrosine kinase inhibitors 
or reported with a significantly higher frequency in one treatment 
arm. 

Including one G3 AE (edema or pruritus as applicable). 
AE, adverse event; G3, grade 3 AE; G4, grade 4 AE; Palmar-plantar 
ES, Palmar-plantar erythrodysesthesia syndrome; BPD, Blood 
phosphorus decreased. 



evidenced by masitinib-treated patients experiencing less tox- 
icity and reporting a longer time until definite QoL deterior- 
ation. 

The better safety profile of masitinib when compared against 
sunitinib can be considered as clinically relevant because transi- 
tion from imatinib to sunitinib can present a challenge for many 
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patients. For example fatigue, possibly related to sunitinib-induced 
hypothyroidism, is a common side-effect reported in 74% of all 
patients that can produce highly negative, possibly dose limiting, 
effects on QoL [6, 13]. Consequently, the use of dose reduction 
or temporary dose interruption is often necessary to manage 
sunitinib's side-effects, the incidence of which tends to increase 
slightly over time [5, 14]. Hence, there remains an unmet 
medical need in terms of safety that is addressed with masitinib. 

A finding also considered as clinically relevant was that 
patients from the masitinib treatment arm reported a significant 
survival advantage of 12.4 months relative to the sunitinib treat- 
ment arm (i.e. median OS of 29.8 versus 17.4 months, respect- 
ively) after a follow-up of 26 months. This observed survival 
benefit for the masitinib treatment arm appears robust as evi- 
denced from a sustained significant difference in median OS 
between treatment arms at time-points separated by 12 months 
(i.e. median follow-up times of 14 and 26 months). The observed 
masitinib treatment-arm median OS also compares positively 
against historical sunitinib data, which are commonly reported 
at ~17 months (see also supplementary Section D, available at 
Annals of Oncology online); moreover, this comparison indi- 
cates that the current study's sunitinib treatment arm is well- 
representative of sunitinib in second-line treatment [3, 5, 14]. 

Although it was predefined that comparative secondary 
efficacy analyses on OS and PFS (central RECIST) were to be 
carried out upon success of the noncomparative primary ana- 
lysis, no order for sequencing secondary analyses was specified. 
Unless otherwise stated, OS is generally considered as the vari- 
able of highest rank because this represents the gold standard in 
oncology and is an investigator-independent assessment of 
disease outcome. However, this situation raises possible multi- 
plicity issues, i.e. if both OS and PFS were to be tested in parallel, 
hence family-wise error rate adjustment to protect against type I 
error for multiple tests was carried out. Adjusting for multipli- 
city testing using Bonferroni methodology, which is the most 
conservative approach, the adjusted statistical significance corre- 
sponds to an alpha risk of 0.025. Considering the observed 
P value in OS analysis at the main cutoff date (31 January 2012) 
was P = 0.016, the treatment effect in OS still achieves statistical 
significance following adjustment for theoretical multiplicity. 

An evaluation of known sources of bias was carried out to 
verify whether the observed treatment effect on OS was credible. 
Such analyses revealed no statistically significant difference 
between treatment arms for the following established prognostic 
factors: KIT mutational status, duration of prior imatinib expos- 
ure, maximal prior imatinib dose, tumor localization, prior 
treatments, ECOG status, and numerous other baseline charac- 
teristics (see Table 1 and also supplementary Section B, available 
at Annals of Oncology online). Additional proof of treatment- 
arm homogeneity was evident from the observation that uni- 
variate and multivariate analyses on OS produced very similar 
results. Consequently, no bias that would benefit the masitinib 
treatment arm was detected in the current dataset signifying 
that these data are robust. 

A possible criticism of this study is that any comparative ana- 
lysis on OS might be confounded by permitting patients to 
switch from masitinib to sunitinib following study termination; 
however, this stand point is unfounded based on both ethical 
and pragmatic considerations. Indeed, the one-way cross-over 
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Figure 2. (A) Kaplan-Meier estimates of overall survival (secondary efficacy analysis) in imatinib-resistant GIST patients (univariate model; intention-to-treat 
analysis). Cutoff date: 31 December 2012 with corresponding median follow-up of 26 months. Overall survival was defined as the time from randomization to 
the date of documented death. If death was not observed at the time of analysis data was to be censored at the last date the patient was known to be alive. 
(B) Kaplan-Meier estimates of progression-free survival (secondary efficacy analysis) assessed according to central RECIST stratified on KIT exons in imatinib- 
resistant GIST patients (univariate model; intention-to-treat analysis). Cutoff date: 31 January 2012 with corresponding median follow-up of 14 months. 
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design utilized in this study, and hence the absence of a double 
cross-over, is consistent with recommendations from published 
guidelines on the conduct of randomized clinical trials in the 
setting of effective subsequent therapies, and thus represents the 
most appropriate design to evaluate relevant clinical benefit of 
masitinib as a second-line treatment in GIST [12]. In such a 
clinical setting, the observed difference in OS between treatment 
arms is considered the relevant measure of clinical benefit, re- 
gardless of subsequent therapies, provided that the subsequent 
therapies used in both treatment arms followed the current 
standard of care. This exactly describes the current study's 
design, i.e. treatment of imatinib-resistant GIST with a regimen 
of masitinib followed by standard of care (sunitinib then other 
therapies) compared against the standard of care, indicating that 
the study findings have a methodologically sound basis. The 
salient point demonstrated by this study was that adding masiti- 
nib to the armaterium of drugs used to treat GIST generates a 
clinically relevant survival benefit, regardless of the complexities 
inherent to assigning a specific OS contribution to a drug in the 
setting of effective subsequent therapies. 

External validation of the observed OS benefit for masitinib 
in imatinib-resistant GIST is evident in data from an independ- 
ent dataset of the aforementioned phase I study [11]. Briefly, 12 
imatinib-resistant GIST patients received masitinib doses rang- 
ing from 6.8 to 13 mg/kg/day with a median OS of 23.4 months 
(95% CI 12.4-34.4) (see supplementary Section E, available at 
Annals of Oncology online). This OS would undoubtedly be in- 
creased further if followed by a proven active treatment arm, 
such as sunitinib, which was not used for GIST at the time this 
phase I study was carried out. Thus, within the limitations of 
historical comparisons, the OS benefit reported in the current 
study is not without precedent. 

To observe a median OS benefit in the absence of PFS gains is 
an unusual finding. However, it is not entirely unexpected that 
PFS for masitinib and sunitinib were in the same range consid- 
ering that at therapeutic doses both TKIs inhibit c-Kit and 
PDGFRa by a similar magnitude [8]. Logically therefore, alter- 
native mechanisms of action must be implicated. It has been 
suggested that innate immunity plays a role in GIST disease pro- 
gression; the survival of GIST patients correlating positively 
with increased activity of natural killer cells [15, 16]. Consistent 
with this mechanism of action, it has been shown that masitinib 
is capable of inducing dendritic cell-mediated natural killer cell 
activation, probably via its highly selective inhibition of c-Kit 
(see supplementary Section F, available at Annals of Oncology 
online) [17]. Additionally, recent data suggest that masitinib 
may induce the recruitment of macrophages with a potential 
antitumoral activity within the tumor (Hermine O, 2013; per- 
sonal communication). Together, these modifications of the 
tumor microenvironment may prevent dissemination, reducing 
aggressiveness of the tumor without direct inhibition of tumor 
growth. This may explain the observed effect of masitinib on 
long-term but not short-term survival. 

In summary, this was a well-controlled and appropriately 
designed randomized clinical trial for comparing the efficacy 
and safety of masitinib followed by standard of care in imatinib- 
resistant GIST against the standard of care. Encouraging long- 
term median OS data for the masitinib treatment arm coupled 
with better safety of masitinib when compared against sunitinib 
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indicate a positive benefit-risk ratio. An international phase III 
trial of masitinib in imatinib-resistant/intolerant patients with 
advanced GIST is in progress, the objectives of which are to 
reaffirm that masitinib has a superior safety profile to that of suni- 
tinib in this population and also to confirm the observed survival 
benefits of administering masitinib in the second-line setting. 
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Gene expression analysis of pretreatment biopsies 
predicts the pathological response of esophageal 
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Background: Neoadjuvant chemoradiotherapy (neo-CRT) followed by surgery has been shown to improve esophageal 
squamous cell carcinoma (ESCC) patients' survival compared with surgery alone. However, the outcomes of CRT are 
heterogeneous, and no clinical or pathological method can currently predict CRT response. In this study, we aim to iden- 
tify mRNA markers useful for ESCC CRT-response prediction. 

Patients and methods: Gene expression analyses were carried out on pretreated cancer biopsies from 28 ESCCs 
who received neo-CRT and surgery. Surgical specimens were assessed for pathological response to CRT. The differen- 
tially expressed genes identified by expression profiling were validated by real-time quantitative polymerase chain reaction 
(qPCR), and a classifying model was built from qPCR data using Fisher's linear discriminant analysis. The predictive 
power of this model was further assessed in a second set of 32 ESCCs. 

Results: The profiling of the 28 ESCCs identified 1 0 differentially expressed genes with more than a twofold change 
between patients with pathological complete response (pCR) and less than pCR (<pCR). A prediction model based on 
the qPCR values of three genes was generated, which provided a predictive accuracy of 86% upon leave-one-out cross- 
validation. Furthermore, the predictive power of this model was validated in another cohort of 32 ESCCs, among which a 
predictive accuracy of 81% was achieved. Importantly, the discriminant score was found to be the only independent 
factor that affected neo-CRT response in both the training (P = 0.01 5) and validation (P = 0.01 7) sets, respectively. 
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